Abstract The development of a waste discharge charge system (WDCS) in South Africa has been proposed to promote waste reduction and water conservation. The WDCS is based on the polluter pays principle and is designed such that the management of waste discharges achieves resource quality objectives (RQOs) at the minimum total cost to the catchment. Two charges are distinguished: first a charge for optimising use of the resource (incentive charge); and secondly, a charge for development and operation of mitigation measures in the resource (mitigation charge). The WDCS is applied to both point sources and non-point sources (NPS) of contamination. In the inclusion of NPS, the charge system distinguishes between registered and non-registered NPS, with the charge applied to the former group only, in the first instance.
Introduction
Societies have experimented with the internalisation of environmental and social costs since the concept of externalities was mooted by Arthur Pigou (Pigou, 1920) . Recently many nations have moved from using regulations alone to curb pollution, to the use of economic instruments to internalise environmental costs: there is significant international experience with a variety of strategies designed to make prices of goods and services reflect their true costs (e.g. Regulatory Assistance Project, 2002) .
Non-point sources (NPS) came to the fore as an important source of water quality impacts in the late 1980 s (Humenik et al., 1987) . Since then, water quality evaluation and legislation has placed NPS control at the forefront of water quality management programmes. Because NPS pollution impacts are not site-and source-specific, are difficult to identify and challenging to quantify, assessments of the nature and extent of the water quality problems arising from NPS vary dramatically. Various strategies to address pollution arising from point-sources are well established. However, similar strategies have not been developed for NPS. Accordingly, NPS and the approach to managing NPS have become the focus of extensive international research programmes and the topic of large international conferences. This paper describes the South African approach to managing NPS, through the incorporation of these sources into a charge system based on the polluter pays principle (PPP). The South African waste discharge charge system (WDCS) is discussed, the principal NPS considered by the WDCS are described and the incorporation of NPS into this system is discussed. The paper closes with the conceptual and technical challenges that the system, and the inclusion of NPS, face.
The WDCS in South Africa
The South African WDCS is being developed by the Department of Water Affairs and Forestry (DWAF) to promote waste reduction and water conservation. It forms part of the pricing strategy, which is being established under the National Water Act (NWA) (Act 36 of 1998).
The WDCS is based on the PPP and aims to (DWAF, 2005a) : † promote the sustainable development and efficient use of water resources † promote the internalisation of environmental costs by polluters † recover costs associated with mitigating water quality impacts of waste discharge † create financial incentives for dischargers to reduce waste and use water resources in a more optimal way
The WDCS thus far
In developing the WDCS, the DWAF engaged in a detailed process of research, charge testing and internal review. This process has resulted in a draft strategy document (DWAF, 2004) , which will form the basis of the final WDCS strategy, to be published in early 2006. In formulating the inclusion of NPS into the WDCS, the DWAF convened task teams from the mining, power, industry, agriculture and urban/municipal sectors. The task teams were required to define NPS for inclusion into the WDCS and develop the methodology. This process resulted in a draft NPS strategy document (DWAF, 2005b) , to be incorporated into the final WDCS Strategy document. This paper is based from these processes and their related documents. As the final WDCS strategy has not been published yet, and the pricing strategy document (DWAF, 2005a) has not been gazetted yet, the discussion to follow is based on the present system, and acknowledges that the WDCS to be implemented in 2007 may differ from that described here.
Principles of the WDCS
The WDCS provides an economic instrument to support the management of water quality, where problems have been identified through the processes of classifying the water resource (the classification process) and developing a catchment management strategy (CMS). The WDCS represents an economically efficient tool for waste minimisation and water conservation: the benefits of the WDCS to society-at-large must exceed the total costs, incorporating the sum of costs to individual dischargers and to society.
Acceptable externalities. The WDCS is based on the concept of internalising externalities and premised on the resource quality objectives (RQOs), as part of the classification process (e.g. Mackay, 2000) , as the measure of acceptable risk. Where RQOs are met, the level of impact experienced by society is assumed to be acceptable. However, where RQOs are exceeded, those externalities associated with discharge in excess of RQOs must be internalised. The WDCS is the tool whereby these externalities are internalised.
Certain catchments, although presently achieving RQOs, may experience growth in economic activity in the future that will impact on the resources. These catchments are regarded as "threatened" and represent a special category in the WDCS: in these catchments the WDCS may be applied to ensure activities in the resource do not exceed RQOs. As such, the WDCS also serves as a preventative measure to ensure that resource quality is maintained within the objectives agreed by societal sanction.
Methodological principles. The following methodological considerations apply to the WDCS (DWAF, 2005a): † Only registered waste discharge-related water use in terms of Sections 21 (e) -(g) of the NWA will be liable for waste discharge charges. † The charge to a waste discharger will be based on a linear relationship between charge and load of contaminant, using a constant charge rate for a specific variable. † The WDCS applies to both surface and groundwater resources, where RQOs have been defined for the resource. † The WDCS is implemented in a catchment as part of a water resources management plan (WRMP) that includes regulatory and non-regulatory measures. As a result, the WDCS is one element of an integrated approach to managing the water quality problem in a given catchment.
Constituents. The following variables, representing the dominant water quality problems in South Africa, are highlighted in the current version of the WDCS: nutrients ( phosphate, nitrate and ammonium), salinity (total dissolved solids, electrical conductivity, chloride, sodium and sulphate), pH, heavy metals (arsenic, cadmium, chromium, copper, mercury, lead, nickel and zinc) and organic material (COD). However, other constituents are not excluded from the WDCS.
Charges of the WDCS
The WDCS consists of two distinct charges, either or both of which may be applied in a specific catchment: incentive charge and mitigation charge. The incentive charge is the basis of the WDCS and is applied to influence those dischargers that can reduce their load most cost effectively, thereby moving the water quality towards achieving the RQOs. The incentive charge, therefore, drives dischargers to reduce waste load at source (effluent charge, as defined by Opschoor and Voss, 1989) .
Where a mitigation measure deployed in the resource is cost effective and institutionally efficient in reducing the cumulative waste load in the catchment, such mitigation measures may be administratively implemented by a third party, with associated capital and operational costs recovered through the mitigation charge (user charge -as defined by Opschoor and Voss, 1989) .
Therefore, it is most likely that the incentive charge will be applied in every catchment with a water quality problem (i.e. where RQOs are exceeded or threatened), with implementation of the mitigation charge depending on the suitability of mitigation in the resource.
Typical non-point sources as considered by the WDCS NPS of pollution result in the discharge, seepage or run-off of waste or effluent from a site, facility or land along diffuse pathways by natural hydrological processes, such as rainfall infiltration, storm runoff or groundwater flow. NPS pollution enters a water resource (surface or groundwater) over an extensive area rather than at discrete points of discharge. NPS pollution can be a significant contributor to water quality problems, whilst being difficult to quantify and to attribute to a particular enterprise, owing to the diffuse nature of the discharge.
Registered NPS
Four groups of NPS require registration under Section 21 of the NWA as water use activities: (i) disposal of effluent to facility or land; (ii) disposal of waste to facility or land; (iii) registered land-use activities; and (iv) in-stream activities. NPS in each of these groups are required to register the land or facility that is giving rise to the NPS. Accordingly, the nature of the effluent or waste applied to the land or facility, the nature and size of the land or facility and the load discharged to the land or facility are recorded. Each of the registered NPS types is discussed here in more detail, with specific examples from mining, power, industry, agriculture and urban sectors.
Disposal of effluent to facility or land (governed by Section 21 (e), (g), (h) and (j) of the NWA). This is a registered effluent load to a facility, not all of which will get into the water resource. These facilities typically have conditions on the effluent quality and management practice that need to be implemented. Typical sources include: (i) irrigated effluent (including irrigation of mine dewatering); (ii) tailings-and slimes dams; (iii) evaporation dams; (iv) maturation dams; and (v) oxidation ponds.
Disposal of waste to facility or land (governed by Section 21 (e) and (g) of the NWA). This is a registered facility that accepts waste (not in effluent form), some of which will leach or wash-off into the water resource. There are typically conditions on the management practice that need to be implemented. Typical sources include: (i) waste rock disposal (overburden and spoils heaps); (ii) solid waste disposal facilities (pits or mounds); (iii) sludge disposal facilities (pits); and (iv) fly-ash disposal facilities.
Land use activities that are registered (governed by Section 21 (e), (g), (h) and (j) of the NWA). These activities are registered under the NWA in terms of the potential seepage or wash-off from a site, and typically have conditions defining the management practice that needs to be implemented. Typical sites or facilities include: (i) mining operations (isolation of "dirty water"); (ii) industrial sites (confinement of wash-off); (iii) confined animal facilities (confinement of wash-off in feedlots, diaries, piggeries); and (iv) wastewater treatment sites (confinement of wash-off and spillage or overflow).
Instream activities (governed by Section 21 (j) of the NWA). These activities take place directly in the water resource or riparian zone, and typically have conditions defining the management practice that needs to be implemented. Typical activities include: (i) mining and sand winning; (ii) construction (transport, dams, etc); and (iii) channel modification (urban, etc.).
Non-registered NPS
These NPS of contamination do not require registration at present, as they are not defined as a water use in terms of Section 21 of the NWA. However, within this group of NPS are some of the most important contributors to water quality problems in South Africa; in particular nutrient discharge and eutrophication, the discharge of organics with a high chemical oxygen demand (COD) load and the contamination of water courses with pathogens (e.g. Esherishii coli and Vibrio cholera). Amongst these important non-registered NPS are: (i) urban wash-off; (ii) overloaded or poorly maintained sewerage infrastructure; (iii) informal settlements; (iv) irrigation return flow; (v) dry-land agriculture; and (vi) extensive animal husbandry.
As these NPS are not currently registered under the Act, they cannot be included in the present version of the WDCS. However, owing to their importance as sources of contamination, it is anticipated that some (or all) of these sources will, in time, be registered and, thereby, incorporated into the WDCS.
Urban wash-off. Urban wash-off is defined as the polluted stormflow emanating from a formal stormwater system. Discharge is usually collected in stormwater drains and discharged to the resource. The first flush emanating from an urban stormwater system can have a pollution load exceeding that of raw sewage. As a result, urban wash-off can be a significant source of contaminants, including: nutrients, organics, pathogens and metals (and some salinity).
Significant dilution of pollution emanating from urban wash-off has been demonstrated, often only the first portion of the stormflow is polluted and dilution occurs through mixing with the remainder of the rainfall event and its run-off. In spite of this dilution, urban wash-off remains an important contributor to water quality problems in a catchment. This is particularly the case in some urban environments where the ingress of stormwater into sewers results in surcharge of these sewers.
Overloaded or poorly maintained sewerage infrastructure. In South Africa, there is evidence of an increasing tendency for surcharge of urban sewers, owing principally to a lack of physical capacity of the sewers (issues of urban planning and construction) and improper maintenance. The potential pollution emanating from such overloaded sewers is very significant. Owing to the nature of effluents within the sewer systems, the contaminants entering the resource from this NPS vary widely, but are principally COD, nutrients and pathogens, with heavy metals and salinity of secondary importance. The water quality from this NPS and the nature of discharge is such that it almost always results in significant impacts. Pollution from surcharging sewers is particularly significant if the overflow occurs during dry weather, where the dilution effect of relatively clean stormwater is absent and baseflow within the receiving watercourse is low.
Informal settlements. This NPS is a particularly important source of water pollution in South Africa. The magnitude of the problem is significantly greater than that of urban wash-off as: (i) informal settlements normally do not have a formalised stormwater system; (ii) formal sanitation systems are absent or, where sanitation systems are present, these are often poorly designed and improperly maintained; (iii) absent formal waste management systems result in the informal disposal of waste. This waste is often deposited in, or near, the drainage network where seepage and wash-off can occur. (iv) The wide variety of effluents and wastes give rise to mixed pollution. Contaminants commonly associated with this NPS are predominantly nutrients, organics (COD) and pathogens.
Irrigation return-flow. Irrigation return-flow comprises the component of applied irrigation water that is not consumed by crops and that finds its way back into the surface water resource with, usually, increased TDS (evapo-concentration) and nutrient (excess application of fertilizers) concentrations. Four forms of irrigation return-flow are identified: (i) over-irrigation and overland run-off into the resource; (ii) subsurface drainage of lands, which is usually collected in drainage channels on the margins of lands and reused or discharged to the resource; (iii) seepage into the groundwater and discharge of contaminated groundwater into the resource; and (iv) leaking canals, balancing dams and other infrastructure. Under some circumstances, irrigation returnflow might be discharged to a stream via an artificial drainage system, which imparts to it a point source characteristic. However, in many situations artificial drainage is not present.
Dry-land agriculture. Dry-land agriculture comprises the large-scale production of field crops under rain-fed conditions. In the South African environment, three sets of water quality concerns have been identified: † Tillage and harvesting practices, clear-felling of trees, fallow-land management and riparian encroachment are primary drivers for increased diffuse sediment loadings in affected streams. † Excess fertilizer application in dry-land crop production could be a primary driver of diffuse nutrient enrichment in affected streams. † Excessive tillage (e.g. deep-ploughing) in certain dry-land crop production areas (e.g. Swartland) mobilises shale-related salt, which leads to increased diffuse TDS loadings (and concentrations) in neighbouring streams during the wet season.
Extensive animal husbandry. Extensive animal husbandry comprises the artisanal (small-scale) (Although individual farmers may only own a small number of animals (tens, or possibly hundreds), the communal grazing of these animals may result in tens, or hundreds, of thousands of animals grazing a particular landscape. Accordingly, the impact on the water resource from these communal-tenure lands can be very significant) and commercial (large-scale) farming with livestock under conditions that do not include intensive animal housing, but that include both natural and improved pastures (some of which might be irrigated). In the South African environment, three sets of water quality concerns have been identified: † Over-grazing, defoliation, riparian zone and in-stream trampling, and poor gully management are primary drivers for increased diffuse sediment loadings in affected streams. † Riparian zone or in-stream defecation could be an important source of diffuse nutrient, COD and pathogen enrichment in affected streams. † Excess fertilizer application in improved pasture cultivation could be an important source of diffuse nutrient enrichment in affected streams. Water quality impacts are commonly associated with increased diffuse sediment loadings, nutrient enrichment, COD and the introduction of pathogens.
Inclusion of NPS in the WDCS
The incorporation of NPS into the WDCS requires that the load of contaminant entering the resource be quantified. In addition, the incentive charge requires the calculation of the cost of reducing discharge load from the NPS through various technical, operational or management interventions. Once these data are available, the NPS are incorporated into the WDCS as per the point sources, with a common methodology for charge calculation (as described in detail in DWAF (2004) and summarised above). This section focuses on the inclusion of NPS in the WDCS through highlighting the principles guiding NPS inclusion in the WDCS and detailing the methodology for estimation of the NPS load entering the resource.
Principles
The following principles guide the inclusion of NPS into the WDCS (DWAF, 2005a): † Only registered NPS, excluding in-stream activities, are included in the incentive charge in the current version of the WDCS. † Where mitigation measures in the resource are employed, the mitigation charge will be applied to all NPS, with the non-registered NPS liability covered by the department (DWAF) in the first instance. † Discharge to both surface water and groundwater resources is charged in the current version of the WDCS, where RQOs are defined for the receiving resource. † Inclusion of NPS in the WDCS does not absolve industry from long-term liabilities (closure fund). The WDCS applies to the current situation only, and does not incorporate future liabilities. Accordingly, the closure funds or similar long-term financial planning by enterprises should make allowance for ongoing WDCS charges, following decommission of operations and/or cessation of activities.
Determination of load
As both the incentive charge and the mitigation charge are calculated using load determinations, the inclusion of NPS in the WDCS requires the estimation of NPS load entering the resource. By definition, this load cannot be measured as a point source and is, therefore, difficult to quantify. Accordingly, an approach that estimates load entering the resource as a function of load disposed onto the facility producing the NPS is required. As NPS discharge is commonly associated with land-use and management practices, the estimation of NPS load entering the resource should take cognisance of differing management practices and technology deployed at the facility producing the NPS.
Management practices. In estimating the NPS load entering the resource, a proportion (percentage) is developed that relates the load discharged onto the facility to the NPS load entering the resource. This percentage varies with management practices at the facility, with three groupings distinguished: (i) best available technology leading to zero impact; (ii) standard requirements (standard practices); and (iii) poor management practices. † The facilities employing best available technology leading to zero impact (BATZI), which must be demonstrable and verifiable, are recognised to have no diffuse discharge to the resource and are, therefore, allocated a zero percentage. † It is anticipated that the majority of facilities will fall into the second management category, namely those facilities meeting standard requirements (standard practices). As these facilities are meeting the requirements developed by the DWAF to ensure minimum seepage or spillage to the resource, this category is allocated a relatively low percentage. Although it may, in theory, be desirable to have all facilities in the BATZI category, this is not necessarily economically, socially or politically acceptable or optimal. Accordingly, the WDCS is driving enterprises towards achieving standard requirements, in the first instance. However, as the WDCS is benchmarked on RQOs, the WDCS will drive towards achieving better than standard practices where standard requirements are met but RQOs are still not being achieved. † The facilities with poor management practices are allocated a significantly higher percentage, to reflect the greater proportion of discharge entering the resource from these facilities. As these facilities are not meeting standard requirements, one must distinguish between illegal activities and activities that have been granted some concessions. Accordingly, this management category relates to three conditions under which facilities are not meeting standard requirements and are granted a grace period to achieve such requirements, namely: (i) facilities granted concessions; (ii) existing lawful use; and (iii) registered facilities that do not require registration under Section 21 of the NWA.
NPS discharge to the resource. Figure 1 shows the approach followed in estimating NPS discharge. It is recognised that two pathways exist through which NPS pollution enters the resource: (i) overland run-off; and (ii) subsurface seepage. In calculating the discharge estimated from each type of registered NPS, the WDCS deploys the equation articulated in the diagram (the sum of surface run-off and sub-surface flow). In using this approach, the WDCS assumes that surface run-off only occurs under poor management conditions, and therefore surface run-off was imputed as zero for facilities meeting standard requirements (and the BATZI category). The sub-surface component is discussed in more detail.
Estimating groundwater seepage. The WDCS estimates groundwater seepage based on the amount of seepage from the facility (Y), and the amount of this seepage that discharges to the surface water resource (W). The seepage from the facility that enters the deep aquifer (Z) is allocated a zero charge in the current version of the WDCS, as it does not discharge to the surface water resource (DWAF, 2005a) . Seepage from the facility (Y) is dependent on the type of facility and the design, construction, management and maintenance of the facility. Therefore, there is significant variation in the extent of seepage from the various facilities described above.
Regarding seepage from a facility that enters the surface water resource (W), there was a marked difference in the sectors' estimation of the proportion of groundwater that discharges to the resource. The range in estimates (15-70%) is driven by geology, with seepage predominantly moving into the deep aquifer over porous geology (e.g. dolomite) while over crystalline geology (e.g. granite) most seepage would follow shallow sub-surface pathways and discharge rapidly into the surface water resource (DWAF, 2005b) . The DWAF convened sector task-teams to initiate the process whereby the water quality impact of various NPSs are quantified. The first step in this process was to develop generic estimates of the proportion of load applied to a facility that enters the resource as NPS. Examples of these estimates, as an initial approximation of NPS discharge to the resource, are shown here (Table 1) , although it is acknowledged that these estimates may be refined before formal inclusion in the WDCS.
Key challenges
The successful implementation of the WDCS faces a number of key challenges. These will be listed here only, but are explored in detail in a paper on the WDCS (von der Heyden et al., submitted): † linking water quality impacts to sources of contamination Run-off = X (%) Figure 1 Schematic showing approach to estimating NPS discharge to the surface water resource C.J. von der Heyden et al. † difficulties in determining acceptable risk, and in using RQOs as the benchmark of acceptable risk † incorporating non-registered NPS into the WDCS † institutional issues * institutional and technical capacity * disbursement of surplus revenue generated from the incentive charge † micro-financial and macro-economic impact of the WDCS, and the political implications
Conclusions
This paper describes the inclusion of NPS in the South African WDCS. The principles underpinning the WDCS are elucidated, including the use of RQOs as the measure of acceptable risk: the WDCS is implemented where RQOs within a given catchment are exceeded or threatened. The WDCS includes both effluent charges (incentive charge) and use charges (mitigation charge). Charges are levied on a range of determinants, and are based on load of contaminant discharge. The incorporation of NPS in the WDCS is based on registration as a water use under Section 21 of the NWA. This means that, presently, a number of important NPS are excluded from the WDCS, as they do not require registration. Included in this group are urban wash-off, surcharging sewers, informal settlements, irrigation return-flow, dry-land agriculture and extensive animal husbandry. The mechanics of NPS inclusion in the WDCS is based on estimation of load entering the resource from the NPS, which, in turn, is driven by management practices at the facility producing the NPS. Three groupings of management practice are described: BATZI, standard practice and poor practice. The paper presents an initial estimate of the discharge load entering the resource from a number of authorised NPS, differentiating between the management practice groups. The paper closes with the concept and implementation challenges faced by the WDCS. 
